populations varied between and within sites and depended on maternal trophic status and timing of ontogenetic dietary shifts, as determined by prey availability and site-specific biogeochemical factors. 5. Comparisons of isotopic dilution patterns among species, using results from this study and literature-derived values, indicated that dilution rates and patterns are species dependent and may vary in relation to key life-history events. 6. Seasonal and spatial isotopic variability among populations and between species complicates field sampling. In particular, the connectivity to site-specific conditions found here suggests that for locally resident juvenile fishes, spatial, as well as temporal variability must be included in isotopic sampling programmes designed to characterise littoral zone foodweb relationships.
Introduction
Stable isotope analysis (SIA) is increasingly used to assess aquatic foodweb structure and the feeding ecology of constituent fish populations (e.g. Keough, Sierszen & Hagley, 1996; Guiguer et al., 2002) . Unlike gut content analyses, which provide only a snapshot of feeding habits and relationships at a particular point of time (Kling, Fry & O'Brien, 1992) , SIA provides an indirect assessment of food sources (Hecky & Hesslein, 1995) and a time integrated and seasonally dependable view of diet and trophic position (Hesslein, Hallard & Ramlal, 1993) .
The SIA-based foodweb studies rely on the results of laboratory experiments that have demonstrated consistent nitrogen enrichment (relative increase in 15 N) as energy is transferred from prey to predator (DeNiro & Epstein, 1981; Minagawa & Wada, 1984) . The consistency of nitrogen enrichment at each trophic transfer provides a convenient quantitative measure of the relative trophic position of an organism within a foodweb (Cabana & Rasmussen, 1994) . In contrast, carbon isotope ratios are relatively unaffected by trophic transfer (DeNiro & Epstein, 1981) . However, as pelagic and benthic algae in freshwater exhibit distinctive carbon signatures as a result of differential fractionation during carbon fixation, the carbon signatures of consumers may be used to determine their relative reliance on foodwebs of pelagic and benthic origin (Hecky & Hesslein, 1995) . Combined use of carbon and nitrogen values allow connections between predator and prey to be established with reasonable certainty (Wada, Mizutani & Minagawa, 1991) . As a result, analyses of naturally occurring stable isotopes have been increasingly used in ecology to describe trophic relationships of species (Peterson, 1999) and the technique has proved useful in defining the nature and extent of many previously hypothesised trophic connections (Wada et al., 1991) .
More recently, studies have begun to use SIA to investigate the dynamics of trophic shifts associated with larval fish development (e.g. Vander Zanden et al., 1998; Doucett, Hooper & Power, 1999) and ontogeny and dietary specialisation (Grey, 2001) . Vander Zanden et al. (1998) used SIA to study changes in the carbon (C) and nitrogen (N) isotope values in young-of-the-year (YOY) smallmouth bass, Micropterus dolomieu (Lacépède), and documented a decline in 15 N for the duration of the embryonic and larval development stages (36 days), followed by a gradual increase in d 15 N as larval smallmouth bass metamorphosed to juveniles. In contrast, d
13
C showed an enrichment trend associated with length increases. Grey (2001) C depletion in YOY brook charr, Salvelinus fontinalis (Mitchill), over an approximate 20 mm increase in fork length from the alevin stage and suggested that an isotope dilution process occurs as larval fish shift diets from yolk to exogenous prey.
To date, no study has tracked changes in isotopic signatures of YOY fish over an entire growing season, or accumulated enough evidence from replicate studies to substantiate result consistency. The apparent dearth of SIA-based studies of YOY feeding patterns points to the need for investigations designed to test a number of hypotheses suggested by the pattern and similarity of isotopic changes observed in the studies described above. As part of an ongoing study of the ecology of yellow perch, Perca flavescens (Mitchill), in northern Alberta, Canada, we analysed samples of YOY fish obtained throughout the growing season from three separate sites differentially affected by anthropogenic activities to test the following hypotheses: (i) that there are within-and among-population differences in the patterns of isotopic d
15

N and d
13
C change and (ii) that observed isotopic dilution and/or enrichment patterns are attributable to sitespecific factors (e.g. anthropogenic influences on water chemistry). In addition, the potential of SIA to detect the onset of exogenous feeding and ontogenetic dietary shifts will be explored and results discussed in the context of yellow perch feeding ecology.
Methods
Description of study lakes
Lake morphometry and geographical co-ordinates for each of the study sites are given in Table 1 . All sites were located on the Syncrude Canada Limited oilsands mining lease, northeast of Fort McMurray, Alberta, Canada (56°39¢N, 111°13¢W). Minimally impacted natural sites selected for study (Mildred Lake, Beaver Creek Reservoir) were chosen from a number of sites on the lease having naturally reproducing populations of yellow perch. The 'demonstration pond' was chosen for inclusion in the study because of its status as a significantly altered environment and demonstrated ability to sustain yellow perch populations . The demonstration pond is a constructed aquatic environment consisting of a layer of mature fine tailings from the oilsands mining and extraction processes, capped with an equal volume of natural surface water. Further details of site construction and toxicological properties of fine tailings are given by van den .
Yellow perch are the dominant fish species in all natural sites and were introduced to the demonstration pond in a series of stocking experiments several years prior to the present study . Anecdotal reports on the demonstration pond stock status indicated high winter kill during 1999-2000, and experimental fish surveys in spring 2000 indicated low densities (<0.01 m )2 ) of yellow perch. To ensure sufficient YOY yellow perch for study purposes, water-hardened spawned egg masses were transferred from Mildred Lake (the initial source of stocked demonstration pond yellow perch) following protocols described by . A volumetric assessment (Bagenal & Braum, 1978) was used to subsample and estimate the number of transferred eggs at 160 000.
Sampling of aquatic biota
Sampling began with the onset of spawning and continued at regular intervals from commencement of hatch (21 May 2000) throughout the summer growing season until 18 September 2000. This period encompassed the majority of the growing season for yellow perch at northern latitudes . Emergent larval fish were sampled immediately posthatch from spawned egg masses monitored in Mildred Lake. Posthatch larval YOY were initially captured using a 153 lm mesh net, towed on 20 m of rope behind a boat at speeds of 10-12 km h )1 .
Minnow traps, dip nets (3.18 mm mesh), seine nets (6.35 mm mesh) and electro-fishing methods were subsequently employed to capture YOY fish at varying times throughout the summer. Collections were made in a representative sampling of littoral zone nursery habitats, usually in waters <3 m deep that were dominated by woody debris and macrophyte growth. All sampling was completed during daylight hours. Up to 15 fish were randomly chosen from the available catch on each sampling date. Fork length (mm) and wet weight (g) were recorded at capture and fish were immediately processed for use in SIA. Stomachs were removed and preserved in 70% ethanol and dorsal muscle tissue was dissected and dried in a standard convection drying oven for 24 h at 40°C. Zooplankton is the major prey item of juvenile yellow perch (Craig, 2000) and samples from each study location were collected over the summer to assess changes in the C and N isotope signatures. Vertical hauls using a 153 lm plankton net were conducted approximately every 6-8 days in all three study locations, to collect larger, crustacean zooplankton. At each site on each sample date, five sampling stations were chosen randomly and five hauls were conducted at each sampling station to obtain standardised sample volumes for assessment. The sampling procedure was standardised to facilitate spatial and temporal comparisons between and within sites.
Following collection, the zooplankton samples were returned to the laboratory and poured through stacked screens of 1.0 mm, 500 lm, 355 lm, 250 lm and 125 lm. Zooplankton and debris collected on Samples of benthic invertebrates, 1-year-old and adult yellow perch, and spawned yellow perch eggs were also collected for SIA. Benthic invertebrates were collected as YOY yellow perch are known to switch from zooplanktivory to benthivory as they grow (Craig, 2000) . Invertebrates were collected from the littoral zone around the perimeter of study sites using standard kick sample and sweep net methods. Taxa were transported immediately to the laboratory, washed, sorted, identified, and in the case of gastropods removed from their shells, before drying on glass Petri dishes at 40°C for 24 h. Adult and 1-yearold yellow perch were collected using minnow traps (6.35 mm mesh), angling and electro-fishing methods, and were processed similarly to YOY. Sex was determined by presence of ova or milt.
Naturally spawned eggs used as the stocking source for the demonstration pond were sampled from Mildred Lake at the sites of subsequent summer sampling for larval and juvenile yellow perch. Beaver Creek Reservoir could not be sampled for spawned eggs because of substantial spring flooding of adjacent wetlands. Collected egg masses were dried as whole eggs in separate glass Petri dishes at 40°C for 24 h and stored for SIA. Un-spawned ova from adult females were also obtained from Mildred Lake and dried for SIA.
Stable isotope analysis
All materials dried for SIA were ground to a fine powder using a Retsch MM 2000 ball-mill grinder. Approximately 1.0 mg of dried material was weighed for the simultaneous analysis of C and N isotopes. Where individual animals did not yield 1 mg of material (e.g. emergent larval YOY yellow perch, spawned eggs, chironomids), samples were pooled to obtain the required weight.
Stable isotope ratios are measures of the parts per thousand (&) difference between the isotope ratio of a sample and that of an appropriate international standard, and are expressed as delta values (d) as follows: (Craig, 1957) and nitrogen gas in the atmosphere (Mariotti, 1983) . By agreement, all international standards are set at a value of 0&.
Isotopic analyses were performed on a Micromass VG Isochrom continuous-flow isotope ratio mass spectrometer connected to a Carlo Erba elemental analyzer (Carlo Erba, Milano, Italy) at the Environmental Isotope Laboratory at the University of Waterloo. The International Atomic Energy Agency CH6 and N1 standards, were used to determine the accuracy of The relative significance of inputs from benthic and pelagic carbon to YOY yellow perch diets were assessed using the isotopic mixing model of Kline, Wilson & Goering (1998) . This model determines the percent contribution of each source to the consumer signature, given two known carbon sources with significantly different isotope values. The formula used in this study was as follows:
where d
C B , d
13 C Y and d
13
C P , are the average isotopic signatures of benthic carbon, yellow perch and pelagic carbon. Pelagic carbon signatures for each site were obtained from site-specific zooplankton signatures. Because little variation in zooplankton signatures was observed for most sites over the growing season (see results), values used in the mixing model analysis represented seasonal averages (n ‡ 4 sample dates). Representative benthic carbon signatures were obtained from an average of invertebrate signatures from taxa captured at each site and identified as potential prey items in gut content analysis or the literature (Grant & Kott, 1999) . Gut content analysis was completed using stomachs from sampled YOY used in SIA analysis. Invertebrates used for computing the mean benthic signature included amphipods, chironomids, mayflies, damselflies and caddisflies (n ‡ 4 for each taxa). Yellow perch signatures for mixing model analysis were the mean d 13 C signatures of fish sampled at a particular date at each sampling location (n ‡ 10). The % pelagic C values obtained from mixing model analysis were regressed against average fork-length for fish from each sample date at each site to determine whether a significant relationship existed.
Data analysis
All statistical analyses on collected and derived data were completed using SYSTAT 9.0 (SPSS Inc., 1999). Maximal type-1 error rates in statistical analyses were set at a ¼ 0.05. Normality and homogeneity of variance assumptions were confirmed using probability plots and F-statistics. Significant analysis of variance results were followed by multiple comparisons of means using the conservative Tukey's HSD post hoc test to determine the significance of observed differences in mean isotope values when making comparisons within and between sampling locations.
Linear and non-linear regressions were used to investigate relationships between length and obtained isotopic signatures, and length and per cent pelagic carbon in the diet. The associations between d 15 N, d
13 C, elemental carbon and percent pelagic carbon in the diet and YOY yellow perch fork length (FL) were modelled using simple linear regression. Exceptions were d 15 N and fork length models for Mildred Lake and demonstration pond, where a quadratic equation of the form:
was used, and d
13
C and fork length for the demonstration pond, where a two parameter Freundlich model (Ratkowsky, 1990 ) was used of the form:
T-tests were used to judge coefficient significance at the a ¼ 0.05 level. All linear and non-linear regression residuals were examined for conformance to the standard regression assumptions at the 0.05 level of significance, following procedures described in Draper & Smith (1981) and Bates & Watts (1988) .
Results
Perch isotope values
Young-of-the-year collected from Mildred Lake had variable d 15 N signatures with an approximate 1-2& separation between fish sampled at the southern and northern ends of the lake (Fig. 1a,b) . The difference was significant (ANOVA A N O V A P < 0.05, F ¼ 9.37) at all sample dates over the entire summer sampling period. Accordingly, Mildred Lake south and north end samples were kept separate in all subsequent analyses. No similar within-site d
15
N signature heterogeneity in YOY was found in samples obtained from other locations.
Samples of spawned eggs, emergent larval yellow perch and adults collected from Mildred Lake showed no significant site-related differences in nitrogen signatures (all A N O V A A N O V A P > 0.05) and samples were combined to determine mean egg, emergent larval and adult d 15 N signatures of 11.8, 15.7 and 11.0&, respectively. The mean nitrogen signature of spawned eggs was significantly enriched (ANOVA A N O V A P < 0.05) compared with the mean nitrogen signature of adult females. Similarly, the mean nitrogen signature of emergent larvae (n ¼ 11) was enriched compared with spawned egg masses (n ¼ 6). The 3.9& enrichment of emergent larvae approximated values given in the literature (e.g. Minagawa & Wada, 1984) for the enrichment of nitrogen associated with a single trophic transfer. All emergent larvae were obtained from mid-lake pelagic trawls and could not be assigned in origin to the south or north end of the lake. Because of the similarities in adult and spawned egg mass nitrogen signatures, the emergent larvae signature was used in regression models for both south and north end samples. The following quadratic models (Fig. 1a,b Although quadratic models imply that N enrichment will eventually occur, no enrichment was observed in YOY samples obtained during the summer growing season. However, a small sample of age-1 fish (n ¼ 3) collected in May 2001, immediately after ice-out, yielded a mean d 15 N signature of 9.8&, significantly higher than the <8.0& typically observed at the end of the summer growing season.
Persistence of spring flooding in adjacent wetlands and the density of littoral zone macrophytes hampered initial YOY sampling in Beaver Creek. Samples were not obtained until YOY reached 30 mm. A linear model (Fig. 1c) Successful hatch, as determined by the presence of empty egg cases, was noted for >95% of all eggs transported from Mildred Lake to the demonstration pond in 2000. In some instances, turbidity in the littoral zone associated with wind events resulted in egg masses becoming covered in fine particulate matter. In such cases, no hatching success was observed and embryo mortality was assumed to have resulted from oxygen deprivation. The following quadratic model (Fig. 1d) ) expressed as the slope of the line connecting emergent larvae nitrogen signatures to the minimum point of the sitespecific quadratic dilution models were estimated, and may be compared directly to the slope of the linear dilution model for Beaver Creek Reservoir. There was an approximate fivefold difference in dilution rates between sites, with Mildred Lake north showing the most rapid dilution rate (0.215& mm
and Beaver Creek Reservoir showing the slowest dilution rate (0.046& mm )1 ).
The d
13
C values obtained for YOY yellow perch from the south and north ends of Mildred Lake (Fig. 2a, In the demonstration pond there was a significant and positive size-related relationship between d 13 C and fork length (Fig. 2d) and the relationship was best described by a non-linear model as follows: ).
Zooplankton and invertebrate isotope values
Stable isotope analysis was conducted on zooplankton samples obtained throughout the growing season from all sites. No differences were found in sizefractioned zooplankton isotope signatures at any of the sample sites (P > 0.05). Multiple comparison of means (Tukey's HSD) for within-lake comparisons of samples generally showed no significant differences between sample sites or sample dates at a given site (P > 0.05). Exceptions included the end of season samples from the demonstration pond and Beaver Creek that were, respectively, significantly 15 N enriched and depleted (P < 0.05) compared with earlier sampling dates, and end of season samples from the demonstration pond that were significantly 13 C enriched (P < 0.05). The only significant seasonal trend in the data found for any of the three studied sites was for d
13
C-values in the demonstration pond, which increased with the calendar date of the sample (P < 0.05). Significant differences were found between sites, with zooplankton from the demonstration pond being consistently d 13 C or d 15 N enriched in comparison with zooplankton from Mildred Lake or Beaver Creek (P < 0.05) (Fig. 3) . No significant differences were found between samples from Mildred Lake and Beaver Creek Reservoir (P > 0.05).
Comparisons of invertebrates among sites showed similar results, with invertebrates from the demonstration pond being significantly more enriched in d (Fig. 3) . Invertebrates obtained from other sites, however, showed no statistically significant differences in d 
Gut gontent analysis and elemental carbon trends
Gut content analysis was used to characterise shifts in prey consumption patterns. In Mildred Lake south, the volume percentage of cladocerans and chironomids varied throughout the summer and the diversity of invertebrates found in the stomachs increased as the summer progressed. In Mildred Lake north, the volume percentages of cladocerans and chironomids increased steadily throughout the summer, while the volume percentage of other dipterans fluctuated. At both sites, YOY consumption of damselflies, amphipods and other invertebrates increased. In the demonstration pond, YOY stomachs contained primarily cladocerans with varying but lesser amounts of chironomids. In all sites but Mildred Lake north, there was a progressive shift to larger, benthic prey items over the summer growing season.
Changes in food sources and somatic tissue additions associated with growth and the period of exogenous feeding were reflected in an increasing percentage of elemental carbon in YOY tissue as a function of fork length (FL) for all sites ( In three of the four study sites, there was a significant positive relationship between percent C and fork length after the onset of exogenous feeding, but no significant relationship was found from Beaver Creek (regression P > 0.05).
Changes in food sources were reflected in the mixing model estimates of the percentage of carbon derived from pelagic sources (Fig. 5) . The percentage of carbon derived from pelagic sources was significantly (P < 0.01) and negatively related to fork length in Mildred Lake south (r 2 ¼ 0.983), the demonstration Fig . 5 Mixing model analysis results for Mildred Lake south, Mildred Lake north, Beaver Creek Reservoir and the demonstration pond, illustrating the correlation between declining use of pelagic carbon in YOY yellow perch diet as fish grow and switch to the use of benthic resources. Regression models estimated from the data are plotted as solid lines where significant. All regression P-values in significant models are <0.001.
Discussion
Analysis of the temporal pattern in stable isotope signatures of young-of-the-year yellow perch showed distinctive patterns of change at all study sites. Initial 15 N enrichment during egg formation continued until larval emergence, and was followed by a decline throughout the growing season. Comparison of autumn and spring signatures for individuals from the same year-class indicated over-winter enrichment, although age-1 signatures still remained below those of sampled adults. Initial 13 C depletion relative to adults and associated with egg formation continued until larval emergence and was followed by enrichment throughout the growing season at three of four study sites, with juveniles from the fourth site remaining depleted with respect to adults throughout the growing season. At two of the four sites, end-ofseason carbon signatures exceeded values reported for adults. The observed within-and among-site differences in the levels and patterns of YOY yellow perch isotopic signatures support the hypothesis that there are within-and among-population differences in the patterns of isotopic d The selected study sites encompassed three distinctive environments: a lake environment (Mildred Lake), a wetland area (Beaver Creek Reservoir) and an artificially constructed and anthropogenically influenced site (demonstration pond). Egg and larval stocks were derived from the same parental pool at three of the four sites (Mildred Lake north and south, demonstration pond), yet base d C between the north and south ends of Mildred Lake. Differences between the demonstration pond and other sites were expected. The demonstration pond contains waste by-products of oilsands mining activities and is known to have elevated levels of ammonia and naphthenic (aliphatic carboxylic) acids. Observed differences in YOY d 15 N signatures between the demonstration pond and other sites will therefore reflect differences in known nitrogen substrates (Vander Zanden & Rasmussen, 1999) . Isotopic differences in YOY from Mildred Lake and Beaver Creek Reservoir were considered possible on the basis of biotic differences, though not probable on the basis of abiotic similarities. There were notable site-specific differences in species assemblages and the predominance of littoral zone macrophyte growth, but broad similarities in water body size, depth and other water chemistry parameters.
Within-site differences in isotopic N and C values of YOY in Mildred Lake were not expected and are suggestive of site heterogeneity. Within-site variability may relate to undocumented anthropogenic causes (i.e. possible source of naphthenic acid contamination in the north end of Mildred Lake, unpublished data) or to natural variability. For example, studies of aquatic plants sampled from small lentic water bodies in Australia showed significant temporal and spatial variation in d (Boon & Bunn, 1994) . Such variability at the base of the food chain will have consequent effects at higher trophic levels, especially during juvenile life-stages when site fidelity may be high. Differences between wetland (e.g. Beaver Creek Reservoir) and lake habitats (e.g. Mildred Lake) may also reflect differences in primary producers, but could also reflect differences in the availability and use of prey resources, with the wetland area providing a greater variety and abundance of benthic prey than Mildred Lake. These within-site differences should caution researchers when making inferences about a whole population when only one site in a lake is sampled.
Differences in isotopic dilution and/or enrichment patterns observed for YOY yellow perch in this study and in patterns reported in the literature for other freshwater fish further suggest YOY dilution and/or enrichment patterns may be species-specific. Nitrogen dilution rates (& mm )1 ) appear significantly lower for yellow perch (0.046-0.215) than for smallmouth bass (0.566) (Vander Zanden et al., 1998) or anadromous brook charr (0.640) (Doucett et al., 1999) . Carbon enrichment rates likewise appear lower for yellow perch (0.044-0.091) than for smallmouth bass (0.106) (Vander Zanden et al., 1998) or anadromous brook charr (0.357) (Doucett et al., 1999) . Differences in population-specific dilution rates and patterns found in this study suggest differences between species may relate to differences between study locations. However, because patterns of exogenous feeding and ontogenetic dietary shifts vary by species, species-specific differences may arise for purely auto-ecological reasons. Without detailed replicate studies for all species, it is not possible at present to distinguish between the putative explanations or whether both autoecological and geographical factors influence observed differences.
The elevated d
15
N and depleted d 13 C signatures of spawned eggs, posthatch embryos and yellow perch larvae found in this study were not surprising. Embryonic fish inherit a pool of nutritional reserves from their mother in the form of the yolk sac and will subsist on the yolk until the onset of exogenous feeding. As yolk sac materials are derived from the adult, the isotopic signatures of eggs within the body cavity should approximate that of the adult and reflect the trophic level of maternal feeding (Doucett et al., 1999) . Non-significant differences between the nitrogen signatures of eggs obtained from the body cavity of ripe, prespawning females and adult females indicated that this was the case for yellow perch. Divergence between mother and offspring, however, was rapid, with the nitrogen signatures of newly spawned, water hardened eggs and adult females being significantly different. Nitrogen enrichment continued as embryos developed, peaking at 15.7& with emergent larvae. The difference between eggs and larvae (3.9&) approximated the consistent stepwise increase in d 15 N per trophic transfer (3-4&) reported in the literature (e.g. DeNiro & Epstein, 1981; Minagawa & Wada, 1984; Peterson & Fry, 1987) and is attributable to metabolic fractionation effects associated with yolk absorption and assimilation that results in the selective excretion of 14 N (Adams & Sterner, 2000) .
Literature reports of shifts in the d 15 N ratios of eggs and larvae are inconsistent. Grey (2001) argued that it was reasonable to suppose that the carbon and nitrogen signatures of larvae would not differ significantly from those of the eggs from which they hatched as a result of the yolk providing sustenance for young fish until the onset of exogenous feeding. N-rich waste products. Difficulties associated with capturing postemergent larvae in the wild hampers selecting between these alternatives. Embryo development, however, is a continuous process from the onset of fertilisation to emergence. Development requires aeration for respiration and the diffusion of waste products (Heming & Buddington, 1988) and will be associated at some point with anabolic processes likely to yield waste products depleted in N dilution is triggered by the onset of exogenous feeding before complete yolk sac absorption has occurred, as has been reported for largemouth bass, Micropterus salmoides Lacépède, (Kawamura & Washiyama, 1989) . Larval size, high larval growth rates and the rapid tissue turnover associated with both (Maruyama et al., 2001) would result in rapid dilution of the maternal signature when food (e.g. zooplankton) was obtained from lower trophic levels.
13
C depletion of eggs relative to maternal signatures was expected and depends on the relative abundance of proteins, lipids and carbohydrates in sample tissues. Eggs are relatively richer in lipids than adult fish tissues which consist primarily of protein (Fraser, Gamble & Sargent, 1988) , and lipids are depleted in 13 C relative to whole tissue (Kling et al., 1992) . Differences decrease as a function of somatic growth and the associated catabolism of yolk sac lipids and protein (Heming & Buddington, 1988) . Enrichment with time (growth) was found among YOY yellow perch from three of the four study sites, the exception being Mildred Lake north, where d 13 C signatures remained significantly below those of adults throughout the summer growing season. Similar depletion has been reported for YOY smallmouth bass from Lake Opeongo, Ontario (Vander Zanden et al., 1998 ). Growth appears to be primarily responsible for isotopic changes in studied fish muscle (Vander Zanden et al., 1998; Maruyama et al., 2001) Isotopic dilution and enrichment patterns in YOY yellow perch 51 and was reflected here in the continued increase in percent elemental carbon at most sites.
The rate of maternal signature dilution will depend on the trophic status of the mother, the timing of ontogenetic dietary shifts and YOY growth rates. In this study, the steepest decline in d 15 N occurred during the initial 1-2 weeks of growth. At this period larvae are still reliant on yolk-derived nutrients (Post & McQueen, 1988) . However, exogenous feeding can begin within 5 days of hatch (Craig, 2000) and the dietary switch is thought to trigger nitrogen excretion (Klumpp & von Westernhagen, 1986 ) that may accelerate dietary-driven trends in d 15 N depletion. Studies of juvenile yellow perch indicate prey selectivity is based on size and ease of capture (Craig, 2000) . Gape restrictions and visual acuity initially limit prey selection to zooplankton, mainly cladocerans, with smaller benthic invertebrates (e.g. dipterans, amphipods, odonates) being added to the diet as fish grow (Cobb & Watzin, 1998; Grant & Kott, 1999) , with the result that there is a strong demonstrated relationship between juvenile yellow perch length and the length of consumed zooplankton prey (e.g. Hansen & Wahl, 1981; Mills, Sherman & Robson, 1989) . For example, between 25 and 60 mm, there is an approximate 200% change in the median size of consumed prey resources. High specific-growth and tissue turnover rates, relative to other life-history stages, suggest YOY yellow perch should be sensitive to seasonal fluctuations in the isotopic content of their prey. Zooplankton in particular, have been found to shift d 15 N signatures seasonally (Toda & Wada, 1990; Kiriluk et al., 1995; Gu, Schelske & Hoyer, 1996) and were observed in this study to vary significantly between sample dates in Beaver Creek Reservoir and the demonstration pond. Variability in seasonal signatures, however, does not appear to be reflected in either the pattern or variability of larval and juvenile fish signatures, which showed distinctive patterns of increase (d (Vander Zanden & Rasmussen, 1999) , was revealed by both gut content analysis and mixing model analysis. The increased reliance on benthic prey appears to buffer juvenile yellow perch from pelagic foodchain variability and, in turn strengthens the isotopic association with local conditions. Connectivity to site-specific conditions has been found for aquatic plants (Boon & Bunn, 1994) and suggests that for locally resident juvenile fishes, spatial, as well as temporal variability must be included in any sampling programme designed to appropriately characterise littoral zone foodweb relationships.
In summary, observed changes in stable isotope signatures of young-of-the-year yellow perch from the time of egg deposition to the end of the first growing season were dependent on developmental stage, sitespecific differences in anthropogenic impacts, natural differences and prey resources. Differences will complicate the interpretation of stable isotope data from juvenile fish and care must be taken when making inferences about differences in populations on the basis of limited sampling. Yellow perch nitrogen dilution and carbon enrichment patterns also differed substantially from patterns reported for other species and point to the need for detailed documentation of isotopic patterns in other species as they pertain to feeding and foodweb relationships. Attempts to include more data on emergent and early larval phases of the life-history should be made to improve understanding of the pattern of dietary shifts in juvenile fish.
